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Areas & Volumes

Area of Rectangle
Area of Triangle
Area of Circle

Circumference of Circle

Area of Cylinder
Volume of Cone, ft®

Volume of Rectangle, ft*

Volume of Cylinder, ft’
Volume of Pyramid, ft’

Equivalents

1 gallon (water)

1 cubic foot water
1 cubic foot water
1 inch

1 inch

1 cubic foot

1 cubic yard

1 pound

1 cubic centimeter
1 MGD

1 CFS

1 gal

1 mg/l

1 foot head (water)
1 psi

1 meter

1 milliliter

1 acre

1 acre foot

1 million gallons

1 horsepower

1 mile

Formulas
. (ppm)(8.34)(MGD)/0.17
. (ppm)(8.34)(MGD)/0.20
. ppm, suspended solids

. Detention time in hours

. Pounds formula

1
2
3
4. ppm, BOD
5
6
7. Efficiency

8. SVI

9. Velocity of flow in ft/sec =

{1 | ¥ VU 1 A 1 {1 Y § O Y ¥ O { A U Y | A 1

Terms ,
= length x width in
= 1/2 base x height ft
= mrormD?or TR? yd
4 sec
. hr
- Egﬁr 2R MGD
= 1/3 base area x height gal
= length x width x height b or #
= 1h mg/|
= 1/3 base area x height ppm
in?
in®
ft2
ftS
8.34 pounds
7.48 gallons (sewage) cfs
8.34 X 7.48 = 62.4 pounds fps
2.54 centimeters gpm
0.0833 feet HP
1,728 cubic inches psi
27 cubic feet gph
453.6 grams Q
1 gram = 1 milliliter Tr

1.547 cfs or 694 gpm

646,317 gallons/day = 449 gpm

3.785 liters

1 ppm = 8.34 pounds per millions gallon
0.433 psi

2.31 ft of water

100 centimeters = 1,000 millimeters = 3.281 ft
20 drops (approximately)

43,560 square feet

326,000 gallons

3.07 acre feet

0.746 kilowatts = 550 ft Ibs/sec = 3,960 ft gal/min
5,280 feet = 1,760 yards

Population Equivalent, BOD
Population Equivalent, Suspended Solids

Mg/l x 8.34 x MGD = Pounds
IN-OUT x100
IN
SSVy (Settled Sludge Volume)
MLSS
Distance in ft
Time in sec

x 1000

(4 | 1 {1 1 1 1 1 1 O O | A | |

inch
foot
yard
second
hour

million gallons per day

gallon

pound

milligrams per liter
parts per million
square inches
cubic inches
square feet

cubic feet

cubic feet per second

feet per second
gallons per minute
horsepower

pounds per square inch

gallons per hour

Flow (mgd, gpm, gph, cfs, etc.)

3.14

(After sample weight) — Before sample weight)/(Difference)(1,000)(Sample Factor)
Initial DO — Average of Incubated Samples — BCF = (Oxygen used)(Dilution Factor)
(Capacity of tank in gallons)(24)/Daily flow in gallons



Fractions & Percentages

Fractions
Fractions are used to express a portion of one. They are usually expressed as:

e 1+4 or1 Where 1is called the numerator and 4 is called the denominator.
4

If the numerator and denominator are the same, the result is 1.
Whole numbers are really fractions except the 1 is not usually shown.
« 8=8 4=4
1 1
In order to use fractions in calculations, we convert the fractions into decimal. To do this, we divide the
numerator by the denominator.

= 1 divided by 3 = .333

1
3

When multiplying fractions, multiply the numerators together and the denominators together.

When dividing by a fraction, you invert it and multiply it with the numerator.

2 = 2x2 = 4
% 1

When simplifying fractions, the same number or unit must be in the denominator and numerator. These
numbers are cancelled out because a number divided by itself is 1.

e 20=4x5=5
4




Percentages

| order to use a percentage number in any equation; we must get the percentage (%) number into a whole or
decimal number. To do this, we divide any number that has a percentage sign (%) behind it, by 100.

e 30.0%=30=.30 (Notice that the decimal point moved two places to the left.)
100

To convert a decimal to a percent, we multiply by 100% (or move the decimal point two places to the right.)
e .55=.55x100% = 55%

When solving the question “what percentage is one number of another”, use the following terms:

o of means x (multiply)

is means = (equal)
“What is 40% of 5007"
What is (=) .4 of (x) 500
.4 x 500 = 200



Fractions & Percentages: Practice Problems

1. Change 45% into a decimal.

2. Change 12% into a decimal.

3. What is 80% of 457

4. What is 4% of 907

5. What is 7% of 3407

6. What is 4/5 of 507

7. Divide 4/5 by 5/4.

8. Simplify ft*/sec
ft/sec



Ratio & Proportion

A proportion is a statement that two rations (or fractions) are equal.
e Example: 2:5::4:10

This is expressed as: Two is to five as four is to ten.

When we write this as fractions we have:

=4
10

U"JII\.)

If we cross multiply this, we have proven the proportion (or proven the fractions are equal).

. 2N 4
5><10
e 2x10=4x5

e 20=20

If we can set up a proportion with one of the numbers missing (or unknown) we can then solve by cross
multiplication.

e Example: If twelve bolts cost you $1.58, what will six bolts cost?

Set up as a proportion 12:1.58:6:%
Change to a fraction 12 =6

$1.68 72
Cross multiply 12x?7=6x1.58
Divide both sides by 12 12x?=6x1.58

12 12
Solve for ? ?7=6x1.58
12
?7=8%.79
Six bolts = 79¢

This example is very simple because we know 6 is just %2 of 12 so we would take ¥z of 1.58 and have the
answer. But if we were figuring in other numbers it could be more difficult.



o Example: We know twelve bolts would cost $1.58. How much would 126 bolts cost?

12:1.58::126:X (use X as the unknown)
= Change to fraction 12 = 126
$1.58 X
Cross multiply 12x X =126 x 1.58
Divide both sides by 12 12 x X =126 x 1.58
12 12
Solve for X X=126x1.58
12
X =$16.59

Now we can set up proportions and solve for the unknown.

Ratio & Proportion: Practice Problems

1. 81:x::45:10

2. X:7::350:50

3. We have $100.00 to spend on polymer and it costs $1.50 for 10 Ibs. How many pounds of
polymer can we buy?



Water/Wastewater Geometry

Perimeter

A measurement expressed as a length — feet, inches, yards.

L

Example:

e 25 Width & 50’ Length
o (50'x2)+(25'x2)=ft
e (100" + (50" = 150’

e Perimeter = 150’

Circumference

e

Example:

100’ Diameter
™ x 100" = ft

e 314’ = Perimeter

(L (ft) x 2) + (W (ft) x 2) = Perimeter, ft

2 x m X r(ft) = Perimeter, ft
or

™ X D(ft) = ft

50" Radius
21 x50

e 314’ = Perimeter



Example:

C
b
a=10" & b=¥%
¢ =107 + 57
c =125
c=11.2 feet
Perimeter =a+b+c
=10+ 5 +11

=26 ft

P=a+b+c

If you were two of the three lengths, you can
solve for the other using this formula:

a’+b*=c’

o=NT B



Areas

A flat measurement is recorded in square feet.

Length (ft) x Width (ft) = Area, ft?

Example:

e 25 Width & 50’ Length
e 50 x 25 = ft?
e 1250 ft> = Area

m x Radius® (ft) = ft?

Example:
e 15 Radius e 30’ Diameter
e T Xx15%=ft? o .785x (30)? = ft?
o 706.5ft’= Area e 706.5ft*= Area



Base (ft) x Height (ft) = Area, ft?

- 2
=
[@)]
‘D
=
Base
Example:
e 10’ Base & 20’ Height
o 10'x20 =ft?
2
o 200 =ft
2
e 100 ft*= Area
B,
h Bi(ft) + Bo(ft) x h (ft) = Area, ft?
2
B,
Example:

e 50'By, 30'B,&50'h
e 50 +30 x 20 =ft?

2
e 80'x20 =ft?

2
o 40 x 20 = ft?
e 800 ft’= Area

10



Volumes

A three dimensional measurement recorded in cubic feet.

Length (ft) x Width (ft) x Height (ft) = Volume, ft?

w

Example:

e 70' Length, 50'° Width & 40' Height
o 70" x 50' x 40" = ft°
e 140,000 ft* = Volume

N © > m x Radius? (ft) x Height (ft) = Volume, ft°

or

785D?%x h

Example:

15’ Radius & 25’ Height e 30 Diameter & 25’

2 — £43
o T x15% x 25=1t o .785(30)* x 25

— £43
™ X 225 x 25 =ft e 17,662.5 ft°= Volume
17,662.5 ft* = Area

11



. By + B, (ft) x Height (ft) = Volume, ft*
2

B,

Example:

e 20’ B4, 10’ B;, 25 Height & 50’ Length

o 20 + 10 x 25 x 50" =ft°
2

e 30" x 25" x 50" =1t

. 2
e 15 x 25 x 50'=ft®
e 18,750 ft*= Volume

1131 x r? (ft) x h =Volume, ft*
or

h 1/3x.785D% x h

s

Example:

e 15 Radius & 25’ Height
e 1/3m x 152 x 25 =ft*

e 1.05 x 225 x 25=1t’
e 5906.25 ft* = Volume

e 30’ Diameter & 25 Height
1/3 x .785(30)* x 25
5906.25 ft* = Volume

12



Ratio & Proportion: Practice Problems

s Find the volume in t* of a tank 40 feet x 10 feet x 120 feet.
2. Calculate the surface area of a rectangular clarifier 80 feet long and 35 feet wide.
3. What is the circumference in feet of a tank 90 feet in diameter?
4, A trench 3 feet wide, 8 feet deep, and 70 feet long is to be filled with sand.
a. How many cubic feet of sand are required?
b. How many cubic yards of sand?
c. How many 5 cubic yard dump truck loads?
< Calculate the surface area of a circular tank is 120 feet in diameter.

I3



6. How many cubic yards of AC paving material will be required to pave over a trench 2400 feet long
and 3 feet wide using a 3 inch deep patch?

7. If a sewer trench is 2 feet wide at the bottom, 12 feet deep, and the walls are sloped at 1 vertical to
% horizontal, how wide is the trench at the ground surface?

8. How many cubic feet of water will be held in a 250-foot line with a 4" diameter?
9. 1000 feet of 6" line holds how many cubic feet of water?
10. A circular tank of radius of 50 feet is filled to a depth of 10 feet with water. How many cubic feet of

water have been added to the tank?

14



Units & Conversions (Dimensional Analysis)

Dimensional analysis is a tool that you can use to determine whether you have set up a problem correctly. In
checking a math setup using dimensional analysis, you would only with the dimensions or units of measure
and not with the numbers themselves. To use the dimensional analysis method, you must know three things:

¢ How to express a horizontal fraction (such as gal/cu ft) as a vertical fraction (such as gal
cu ft),

e How to divide by a fraction, and

e How to divide out or cancel terms in the numerator and denominator of a fraction.

These techniques are reviewed briefly below.

When you are using dimensional analysis to check a problem, it is often desirable to write any horizontal
fractions as vertical fractions, thus:

cult ft = cu ft/min
min

sec - .
min sec/min
gal - .
i gal/min

Once the fractions in a problem, if any, have been rewritten in the vertical form, then terms can be divided
out or cancelled. In cancelling terms, for every term cancelled in the numerator of a fraction, a similar term
must be cancelled in the denominator, and vice versa as shown below:

gal x o ft _ cuft

min gal min

b . day _ b

day min min

; saft _

sqin X sq in sq ft

cuft . g . sec . mn _ gal
sec cu ft min day day

15



Suppose you wish to convert 1200 ft* volume to gallons, and suppose that you know you will use 7.48 gal/ft®
in the conversion, but that you don’t know whether to multiply or divide by 7.48. Let's look at both possible
ways and see how dimensional analysis can be used to choose the correct way. Only the dimensions will be
used to determine if the math setup is correct.

First, try multiplying the dimensions:

(ft*)  (qal)
(ft%)

(ft°) (gal/ft’)

Or re-expressed as

(ft")(gal)
(ft’)

Then multiply the numerators and denominators.
= (fta)(%;at)
ft
And cancel common terms:

(ft°)(gal)
ft*

= gal

Il

So, by dimensional analysis you know that if you multiply the two dimensions (cu ft and gal/cu ft), the answer
you get will be in gal, which is what you want. Therefore, since the math setup is correct you would then
multiply the numbers to obtain gal:

(1200 cu ft)(7.48 gal/cu ft) = 8976 gal

If we had divided the dimensions:
ft®
gal/ft®

Remember when dividing fractions, take the denominator and invert it, then multiply it with the numerator.

e ftt _ ft
Sl gal = gal

ft®
gal/ft®

Which is not the answer we want, so we know we cannot divide.

16
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Units and Conversions: Practice Problems

Make the following conversions without the aid of a conversion table:

j

Define the following:

a. gpm

b. cfs

c. MGD

d. mg/l

1 t* of water contains gallons.

1 ft* of water weights pounds.

1 gallon of water weights pounds.

One cubic foot per second is equivalent to gpm.

17



Make the following conversions:

6.

10.

L.

7000 ft° to gallons

20 cfs to gpm

450 gpm to MGD

How many feet of water will produce 45 psi?

4.7 cfs to gal/min.

6,800,000 ft° to MG

18



12.

13.

14.

15.

16.

17.

18.

0.045 MGD to gal/min

100,000 fta/min to MGD

3920 |bs of water to fts

36 ft of head to psi

If there are 10 grams of solids in 25 gallons of water, what is the concentration in mg/I?

Using dimensional analysis, convert 120 gpm into fta/min.

Using dimensional analysis, convert 85 fty/min to MGD.

19



19.

20.

21.

22,

23.

Using dimensional analysis, convert 69 cfs to gpd.

Convert 85 ft*/min to gpm.

Convert 39 gpd to ft*/min.

Convert 78 ft*/min to MGD.

Convert 2 MGD to gpd.

20



Temperature

Formula’s used to convert Farenheit (°F) with Celcuis (°C) are:

°C = 5 (°F-32)
9

i

9 (°C) + 32
5

Unless you use them frequently, they are hard to remember.

The following is an easier method to use. With this method, you only need to determine whether to multiply
by 9/5 or 5/9. Since °C is less then °F, then multiply by 5/9 to go from °F to °C as it makes the number
smaller.

°F x 5— °C °C x 9—> °F
9 5

The method is as follows:

Step1) Add 40 to the given temperature
Step 2) Multiply by 5/9 or 9/5 depending on the conversion
Step 3) Subtract 40 =

ANSWER

Example: Convert 68 °F to °C

1) Add 40
68 + 40 = 108°

2) Multiply by 5/9 to lower the number
5 x 108 = 60
9

3) Subtract 40

60 - 40 = 20°C

21



Example: Convert -40°C to °F

1) Add 40
o 40 + 40 = 0
2) Mulitiply by 9/5
9 x0=0
5
4) Subtract 40
0 - 40 = -40
Good trivia question! -40°C = -40°F

Practice Problems

1. Convert 35°C to °F.

2. Convert 10°C to °F.

3. Convert 115°F to °C.

22



Pounds

The Pounds Formula

LBS

B Divisor

Flow (MGD)
or
Volume

(MG)

8.34 |bs/gal

Mg/L x 8.34 x MGD = Pounds

23



Example:

The chlorine dosage is 8 mg/L/ If the daily flow is 5 MGD, how many pounds of chlorine are being added?

?
8 x 834 x 5 = 334LBS
\ 8 mg/L ' 5 MGD )

334 LBS

8 ?

What is the flow?

334 divided by 8 and divided by 8.34 = 5 MGD

24



What is the dosage in mg/L?

334 LBS

334 divided by 5 and divided by 8.34 = 8 mg/L
\ ? ‘ 5 MGD /

Try these problems:
The chlorine dosage is 4 mg/L. A treatment plant uses 120 LBS of alum per day.
The daily flow is 6 MGD. The flow is 1.8 MGD.
How many pounds are used for the day? What is the alum dosage in mg/L?

25



ounds: Practice Problems

1. The influent suspended solids to a WTP is 50 mg/L. The flow is 5 MGD. How many pounds SS are
entering the plant?

2 What is the chlorine feed rate to disinfect a flow of 750,000 gallons with a chlorine dose of 6 mg/L?

3. The Cl, dosage for a treatment plant is 4 mg/L. The flow is 6.2 MGD. How many pounds of chlorine
are being fed?

4. The Cl,residual is 0.8 mg/L. For the same flow of 6.2 MGD, how many pounds of chlorine are in the
water entering the distribution system? Based in question #3, what is the chlorine demand in
pounds?

5. Jar test indicates that the alum dose should be 8 mg/L. If the flow is 1.756 MGD, what is the desired

alum feed rate in Ibs/day? Ibs/hour?

6. A storage tank is to be disinfected with a 50 mg/L dosage. If the tank volume is 70,000 gallons, how
many pounds of chlorine are needed?

26



10.

11.

For question #6, if a 15% hypochlorite solution is used, how many gallons are needed?

The required chlorine dosage is 10 mg/L to disinfect 800,000 gals/day. If a 65% hypochlorite solution
is used, how many gallons will be required?

What would the chlorine concentration in mg/L be if the flow was 6 MGD and 300 Ibs/day was used?

A reservoir holds 3 MG of water. For algae control 0.5 mg/L of copper will be required. How many
pounds of copper will be needed? If 25% copper sulfate is used, how many pounds of copper
sulfate will be needed?

The chlorine feed rate is 15 lbs/day. If the flow is 250,000 gpd, what is the dosage in mg/L.

27



Flow & Velocity

Q = AV is used to estimate flowrates through channels, pipes (flowing full) and tanks. Usually, the units used
are:

Q = flowrate, cfs cfm
A = Area, ft? or ft?
V = Velocity in fps fpm

Other units can be used but the units on one side of the equation must equal the units on the other side of
the equation.

This formula can be rearranged to solve for either flowrate, velocity or area.

28



Flows & Velocity: Practice Problems

1. If a channel is 2 feet wide, 1 foot deep, 15 feet long and it takes 20 seconds for the water to travel
from one end of the channel to the other, what is the velocity of the water?

2. A 15-inch diameter pipe is flowing full and carrying a flow of 2.7 MGD. The water velocity (average)
should be
a. 3.4 ft/sec
b. 5.5ft/sec
C. 13.6 ft/sec
d. 254 ft/sec

e. 54.4 ft/sec

3. What is the velocity in fps when the flow is 18 cfs in a 24-inch pipe?
4, What is the flowage through a channel 4 ft wide flowing to a 2.5 foot depth at a velocity of 1.5 fps?
5. The flow at a treatment plant is .25 MGD. How large would a wet well be to fill in 60 minutes

(in cubic feel and gallons)?

6. Water is drawn from a 60-ffot |.D. storage tank. The operator forgets to turn off the valve until the
level in the tank has dropped 10 feet. How many gallons of water has been removed?

Lic



What is the flowrate in gpm in a 24-inch pipe moving at a velocity of 3 fps?

Flow through a pipe is 1.5 cfs. If the velocity is 2 fps and the pipe is flowing full, what is the pipe
diameter in inches?

A piston pump making 35 strokes per minute delivers 800 gpm. If the strokes are reduces to 20,
what is the discharge rate?

30



Detention Time

Definition

The time required for a given flow of wastewater to pass through a tank, which is equal to the time it takes to
fill the tank at a given flow rate.

Detention Time = Volume, gal
Flow Rate, gal/time

Detention time is expressed as a unit of time such as seconds, minutes, hours, days, etc.

Detention time is a concept used as a design consideration in nearly every treatment unit in a treatment
system and is a mathematical method of checking the performance of existing facilities against design
values.

The formula can be rearranged to solve for volume, flowrate or detention time.

Detention Times: Practice Problems

il What is the detention time in hours of a tank 80" L x 30’ W x 10’ deep receiving flow of 4.0
mgd?
2. How many minutes does it take to fill a 10’ diameter circular tank 10’ high at a flowrate of 10

gpm? How many hours?

3 A pump with an output of 76 gpm can empty a tank in 5 hours. How many gallons have
been pumped?

4. How long will it take (minutes and hours) to pump out a circular tank containing 100,000
gallons with a pump discharging 33 gpm?

51



wdb /Gy

L L'LL

wdb /- zzzy

[eb gge'LLe

M €6EL /186 L0l
238/ J4 G|

o898l /'S

WS 'E

28s/l G/

=N S WO~

Aepyeb 000'000'2 €2
asi esg”  zz
ulw/y 9€00° L2
wdb z'ogy 02
Aep/eb g9/ 'z6S v 6L
dow e 8k

uw/ M oL Lk

16w 2601 9L

iIsd 9'GL Gl

Hezo vi

asow ec/oL gL
wdb gz'Le 2L

OIN #9805 LI

wdb $'60LZ OL
pesyjou¥0lL 6

daon erg” 8
wdbgo/e8 £
eb oggzs 9
g8y §
ve'e ¥

vZ9 ¢

8v’. T

Jay| Jad sweibijw  pL
Aep Jad "[eb uow 21
puodas Jad 193} 21Qn2  ql
ajnuiw Jad sucjeb eyl

(ge-¢ d) Ajioo[sp/mo]d

{€Z-0Z d) suoIsIsAuOD/sHuUN

SIY G°0G / UIW 0E0E
1eb 00sz2

S1Y 86 / UlW /85
ygoL

= N ™ <

(8z-2¢ d} awi] uonuajaqg

bW L

(rognd Q1 +'05)(ND Al SZL) 0L
1fwyg 6

ebgzl

eb geg

$q| 2'6T

y/q| 28°¥ Aep/sql 9L 9L L
Sq| §'S9L/SAl ¥'L¥

$ql 8'902

[N

s$q| 6802

- N T WO~ 0

(L£-0¢ d) spunod

Ol9r ¢
408 ¢
486 L

{9¢ d) seinjetaduwa]

H0058. 0
M 8961

Hele

oz

PR 299

HreLL

(speoj €1 10) ¥¥'ZL
PAZZ9

M 0891

¥ozee

0082

H 0008¥

N OM~©0O -

raomdd e

(91-G| d) Al}sWoaL)

L9699 ¢
67 ¢
2] S

suoiHodoldjSoney

o
GZ/9L 40 9’

gl
8'¢ee
o€
o9¢
cl’
St

=N WO~

G d) sobejluadlad/SUonJel]

Aoy lamsuy




—

PRINTED WITH AGENCY FUNDS
ON RECYCLED PAPER

Why do utilities, excavators, contractors and the public have to call Kentucky811 prior to disturbing the earth?

The Kentucky Dig Law (KRS 367.4901 to KRS 367.4917) has been in affect since 1994. The law requires all persons excavating
to call at least two full business days before digging, and no more than 10 business days prior to digging. The act in its entirety
can be viewed at the following Web site: www.kentucky811.org.

The Kentucky Energy and Environment Cabinet does not discriminate on the basis of race, color, national origin, sex, religion, age, or disability. The Cabinet will
provide, upen request, reasonable accommodations including auxiliary aids and services necessary to afford Individuals with a disability an equal opportunity to
parlicipate in all services, programs, and activities.

Kentucky™



